Introduction
Cardiac implantable electronic devices (CIEDs) can be broadly divided into permanent pacemakers (PPMs), implantable cardioverter-defibrillators (ICDs) and cardiac resynchronization therapy (CRT) devices. A PPM detects an irregular heartbeat (arrhythmia) and regulates the heartbeat, while an ICD is the treatment of choice for structural heart disease and symptomatic sustained ventricular tachycardia or ventricular fibrillation and also a prophylactic therapy for sudden cardiac death [1, 2] . CRT devices, meanwhile, are used to improve the heart function and rate of survival, preventing sudden death in patients who show progressive heart failure despite adequate medication [3, 4] . The increase in cases of cardiac diseases requiring CIED treatments has led to higher rates of device implantation, hence the increase of complications of CIEDs [5] . CIEDs are usually placed subcutaneously, which in elderly patients may bring about complications such as device exposure due to skin defects and device twiddling [6] . CIED-related complications remain a serious problem with increased morbidity and mortality rates and healthcare costs because the cardiac devices that control life-threatening symptoms are expensive and require an invasive procedure for implantation [5] . In principle, reimplantation is required after the device is removed due to infection; however, in cases of non-infectious device exposure, conservative treatments such as device repositioning are possible [5, [7] [8] [9] . Here we report the successful use of a pectoralis major pocket for device repositioning in a case of recurrent exposure of a permanent pacemaker. The study was performed in accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained.
Case
A 66-year-old man visited our clinic with recurring device exposure due to a skin defect where his pacemaker had been inserted. The patient had undergone pacemaker insertion by a cardiologist 7 years prior. Afterwards, the patient's device had become exposed and he had two revision operations at a local hospital 1 year before and then 3 months prior to coming to our clinic. On preoperative evaluation, the device was exposed with a 0.5 cm×1.0 cm skin defect and the surrounding skin had thinned ( Fig. 1 ). However, a test of the pacemaker functions found it to be normal; there were no systemic symptoms or localized inflammatory signs, the laboratory findings were also normal, and neither was any growth seen on the wound culture. Based on the patient's clinical symptoms and signs, his condition was considered a non-infectious reaction. Therefore, we repositioned the device instead of removing it, changing its plane from subcutaneous to submuscular. With the patient under general anesthesia, we debrided the unhealthy granulation and confirmed there was no lead infection ( Fig.  2 ). We created a pocket under the pectoralis major muscle to Fig. 1 . Pre-operation photograph. On preoperative evaluation, the device was exposed with a 0.5 cm × 1.0 cm skin defect, and the surrounding skin was thin. Fig. 3 . Operation techniques. The pocket was made with finger dissection after minimal incision, was slightly smaller than a pacemaker, and in the shape of a reverse trapezoid like the device itself. The device was inserted with a gentle push and fixed firmly with multiple non-absorbable anchoring sutures to minimize the device migration. position the device. The pocket, in the shape of a reverse trapezoid and slightly smaller than the device, was made with finger dissection after minimal incision. The device was inserted with a gentle push and fixed firmly with multiple non-absorbable anchoring sutures using #5-0 Prolene to minimize its migration ( Fig. 3 ). The defect was covered with a local advancement flap at the fasciocutaneous level in both lateral margins (Fig. 4 ). The patient recovered without complications and received scar management ( Fig. 5 ).
Discussion
Technological advancement has reduced the size of cardiac devices, making it possible to implant them in the pectoral position, simplify the implantation procedure by avoiding the need for tunneling to the abdomen, and use them in pediatric patients. Defibrillation efficacy was also enhanced [2, 10] . Pockets for the device can now be created in the axilla, abdomen, and pectoral regions. Though implanting a cardiac device in the pectoral position is now a routine procedure, physicians continue to strive to find a more efficient way with fewer complications and better cosmetic results [11] .
Devices in pectoral regions are either placed in subcutaneous or submuscular positions, depending on the plane. The subcutaneous position makes it easy to create pockets, causes less pain, facilitates replacement of the generator, leads to less neurovascular injury, and is cost effective because it can be performed under local anesthesia. However, it also carries the risks of skin ulceration, device exposure, device twiddling, poor cosmetic contour, and device damage when subject to external impact. This position also carries the possibility of infection and exposure because of the weight and size of the device. The devices have the tendency to migrate downwards due to gravity and respiratory movements, and the tissue covering the device is continuously damaged by friction, pressure, and shear force, especially in elderly individuals with lax skin [7] . The idea of positioning the device submuscularly therefore emerged after a study that aimed to solve the frequent wound complications arising in the subcutaneous position. The submuscular position is to place the device in an intramuscular pocket between the pectoralis major and minor or in a submuscular pocket in the pectoralis muscles. The adipose tissue affords protection, rendering the device more resistant to external impact. The submuscular position also brings the advantages of better cosmetic results and lower risk of migration. However, the difficulty of creating a pocket, the severe pain, and the need for conscious sedation are some drawbacks, and for patients taking anticoagulants, the insertion of a drain is also recommended to prevent hematoma [6, 10, 11] . According to Gold et al. [10] , there was no significant difference in complications between the subcutaneous and submuscular positions. Therefore, the subcutaneous position, which is simpler, less painful, and cost effective and can be performed under local anesthesia, is currently performed as the default procedure.
CIED-related complications can be grouped by their causes into procedure-related complications (refractory heart failure, stroke, pneumothorax, cardiac tamponade, and coronary sinus perforation), lead-related complications (lead displacement, lead fracture, and insulation defect), and pocket-related complications (skin erosion, hematoma, seroma, wound infection, and device migration) [1] . The most common is a generator pocket infection followed by device-related endocarditis. Despite improvements in implantation techniques, infections remain a serious problem with increased morbidity and mortality rates and financial costs [5] . The clinical presentation of patients with infections is as follows: (1) systemic symptoms (fever, chills, malaise, anorexia, nausea, etc.); (2) localized inflammatory signs at the generator site (erythema, pain, swelling, warmth, tenderness, drainage, skin ulceration, lead erosion, etc.); and (3) laboratory abnormalities (leukocytosis, anemia, high erythrocyte sedimentation rate, positive blood culture, etc.) [5, 8] . In principle, an infection after implantation of a cardiac device requires complete removal of the device, followed by antibiotic therapy for at least for 2 weeks and reimplantation in a new site [8] . In the case of lead infections, device removal is essential because of the risk of endocarditis and sepsis [5] .
However, surgeons encounter the dilemma of whether or not to remove the cardiac device in cases of simple device exposure without infection. Notwithstanding the possibility of fatal complications such as myocardial perforation, valve tearing, and venous laceration during lead removal and specific conditions such as venous occlusion or an axillary jugular arteriovenous shunt, many surgeons attempt conservative treatment because of the high costs of the devices. Conservative treatment refers to simple revision or repositioning to another plane after appropriate debridement. Determining whether an implantable device is infectious or not is yet another challenge, even if the culture result was negative, as it is usually impossible to distinguish between a non-infectious reaction and a low-grade infection [7] . As discussed above, a thorough analysis of the patient's systemic symptoms, local signs of inflammation and laboratory abnormalities is required to determine whether the implantable devices are infected [12] . We considered this case a non-infectious reaction based on the patient's clinical symptoms, signs and laboratory findings.
There is currently no definite guideline for managing CIEDrelated complications. Therefore, the decision regarding device removal should not be automatic and must be made on a caseby-case basis for each patient [9] . We believe that using a specific pectoralis major pocket to change the plane of the device not only has the advantages of submuscular implantation such as better cosmetic results and protection against external impacts, but is also easier to perform than a traditional submuscular implantation because it requires muscle dissection only to the extent that the device is inserted with a gentle push. The use of anchoring sutures can minimize migration that causes friction pressure and shear forces, reducing recurrence of device exposure and increasing the likelihood of success. Therefore, in cases of non-infectious device exposure, repositioning using a specific pocket to change the plane of the device from subcutaneous to submuscular is a valuable option.
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